Хіміко-динамічне полірування GaAs та GaSb травильними сумішами систем HNO3–HCl–розчинник by Томашик, З. Ф. et al.
YLl,K6217944 546681'19/86 
3.<I>. T0Maw1.1K, O.C. 'iepHIOK·, B.M. T0Maw1.1K, 
B.I. rp1.1u.is*, H.B. KyCS1K. 
XIMIKO-Alt1HAMl'iHE nonlPYBAHHSI GaAs TA 
GaSb TPABlt1nbHlt1Mlt1 CYMIWAMl!1 Clt1CTEM 
HN03-HCl-P03'ilt1HHl!1K 
y BI.UTBOp!OBam1x n.upomrnaMI'IHl1X YMOBax ,llOCJJIJl)KeHO MexaH13M Ta K.IHeTl1K)' 
XIMI'IHOI B3aE:MO.llll GaAs Ta GaSb 3 p03'111HaM11 cHcTeM HN03-HCl-H20 (auernTHa, Ul1TpaTHa 
Kl1CJIOTa) Bl13Ha'!eHO OCHOBHI 3aKOHOM!pHOCTI XIMl'IHOfO TPaMeHHH BKa3aHl1X HanrnnpoBl,llHl1KOBl1X 
MaTeplaJJIB I no6y.uosaHO TIOBepXHI O.llHaKOBHX ll!Bl1.llK9CTett p03'111HCHHH 3'HCOBaHO BTIJIHB BMICTY 
KOMTIOHeHTIB TPaBHJlbHHX KOMTI0311U111 Ha lllBl1.llKICTb I HKICTb TIOJJipyBaHHJI nosepxHI 3pa3KJB GaSb 
Ta GaAs Ta B113Ha'!eHO KOHUeHTPaU111Hl Me)((! po3'-IHHIB, lllO MO)((j'Tb 6yTl1 B11KOPl1CTaHI .llJl5I XJMIKO-
.U11HaMI'IHOfO nompysaHHJI nosepxm 3pa3KIB GaSb 1 GaAs 
BCTYn 
)],mi: nepe.urnrnttapttoi' Ta nepe.uenirnKcitfttoi o6po6KH ttaniB-
npoBi.UHHKiB 3 MeTOIO OTPHMaHH5I nonipoBattoi' noBepxHi 3a,nattoi' TOBW,HHH, 
01-rnw,eHOl Blll 3a6py,ntteHb Ta OKCH,UiB, BHKOpHCTOBY€TbC51 XiMiKO-,UHHaMi•rne 
nonipyBaHH51 (X,Uil). E<PeKTHBHe 3acrncyBaHH5! u,boro Mern.uy Ha pi3HHX 
ernnax BHfOTOBneHH51 niJ.lKnMOK MO)KJJHBe TinbKH 3a YMOBH po3p06KH Tpa-
BHJibHHKiB 3 nportt030BaHOIO llIBH,UKicTIO 3HiMaHH51 MaTepiany, lI.IOpCTKiCTIO 
noBepxHi Ta ,Ue51KHMH iHllIHMH rrapaMeTpaMH. 
,Urr51 xiMi'IHOl o6po6KH HarriBrrpOBi,n,HHKOBHX CilOnyK THrry AlllBV BHKOpHCTO-
BYJOTb TpaBHnbHi KOMIT03HIJ,ll Ha OCHOBi xnopH,UHOl KHCJIOTH. Byno BCTaHOBneHO, 
w,o p03'IHHH c11cTeMH HN03-HC1 3 o6'eMHOIO 'IaCTKOIO xnopn,nHoi KHCJIOTH 
50-90 % MO)!()'Tb 6YTH OCHOBOIO TpaBHnbHHKiB M5I x.nn lnAs Ta InSb [1]. IlpH 
IJ,bOMY npou,ec p03'IHHeHH51 itt,nrnapcetti,n,y niMiTy€ThC51 McPY3iHHHMH CTMIBMH, 
a npou,ec p03'IHHeHH51 IH.UiHCTH6i,Uy - KiHeTH'IHHMH [ 1]. 
IlpH xiMi'IHOMY TpaMeHHi noBepxHi (001) GaAs qepe3 MaCKY Si02 B 
p03'IHHax CKnMY 0,5 'I. HCl + 0,5 'I. HN03 + 1 'I. H 20 6yno o.uep)KaHo BH-
coK05IKicHy noBepxHIO 6e3 5IMOK TpaMeHH5I [2]. B po3'1Httax KHCJIOT HCI Ta 
HN03 llIBH.UKicTb po3'IHHeHH5I GaAs Mae HH3bKi 3Ha'IeHH5I i npaKTH'IHO He 
3Me)KHTb Bi,U 1x KOHIJ,eHTpau,il [3]. Y rrpau,i [4] M51 06po6K11 GaAs 3anporro-
HOBaHo BHKOpHCTOByBaTH nonipyBanhHi po3'IHHH cKna,niB 1 'I. HN03 + 
+ 1 'I. HCI rn 1 'I. HN03 + 3 'I. HCI + 1 'I. H 20. 
iH<PpaqepBOHi cneKTPH rrorn11ttaHH5! aHi30TPOTIHO TpaMettoro GaAs B 
TpaBHJibHHKax Ha octtoBi HN03 .uan11 3Mory BCTaHOBHTH, w,o Ha noBepxtti 
3pa3KiB YTBOpIO€TbC51 As20 3 , a iottH raniIO rrepexo.u5ITb y po3'IHH. Ha noBepxHi 
InSb 3a THX CaMHX YMOB YTBOpl0€TbC51 OKCH,U Sbz03 [5]. y npau,i [6] MeTO,UOM 
peHTreHo<PorneMicitfttoi' crreKTpOCKonii' .uocni,wI<etto noBepxHeBHH ruap GaAs i 
ITOKa3aHO, lll,O BMiCT raniIO B HbOMY rricAA o6po6KH B KHCJIHX p03'IHHax 3MeH-
illY€TbC51. Po3'IHHH c11cTeM11 HBr-HCl-HN03-CH3COOH MO)f(Ha 3acTOco-
ByBarn: npH ni,n,roTOBIJ,i rri,UKna,UOK M5I MOJieKYJI5IpHo-rrpoMeHeBOl erriTaKcii' 
[7], rrp11 IJ,bOMY au,ernTtta KHcnorn p03'IHH51€ ranoretti,UH Ta OKCH.UH Ga i Sb, 
lll,O yTBOpIOIOTbC5I yHacnmoK TpaMeHH5I Ha ITOBepxHi. 
Attani3 niTepaTypHHX .uaHHX CBi,U'IHTb npo rrepcneKTHBHiCTb BHKO-
PHCTaHH51 p03'IHHiB c11cTeM11 HN03-HC1 M5I <PopMyBaHH5I Ha 1x octtoBi 
pi3HOMaHiTHHX TpaBHJibHHX KOMIT03Hu,ii1. MeTOIO .uaHoi' po60T11 e c11c-
TeMaTH'IHe .uocni,n)l(etttt51 xiMi'ltto"i B3a€MO.Uil GaAs Ta GaSb 3 p03'IHHaMH 
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CMCTeM HN03-HCl - p03'IMHHMK )LTUI ¢opMyBaHH51 Ha 'ix OCHOBi TpaBMJih-
HMKiB )])151 X)J,TI, rrpM'lOMY p03'IMHHMKOM yrnopIOBaHMX Ha IlOBepxHi npo.uy-
KTiB B3a€MO.Uii' o6paHo BO.UY Ta aueTaTHY i UMTpaTHY KMCJIOTM. 
METOAMKA EKCnEPMMEHTAJlbHMX AOCnlA>KEHb 
,[(JIH eKcrrepMMeHTaJihHOfO .UOCJiir:oKeHHH KiHeTMKM Ta MexaHi3-
MY XlMltIHOi' B3a€Mo.uii' GaAs Ta GaSb 3 po3tIMHaMM cttcTeM HN03-HC1-
H20 (aueTaTHa, UMTpaTHa KHCJioTa) BMKOpMcToByBaJIM 3pa3KM raJii:HapceHi.uy 
Ta raJiittcTtt6i.uy HarriBrrpoBi.uHMKOBoi' 'IMCTOTM. BttMipIOBaHHH 3.UiHCHIOBaJIM 
Ha IIJiaCTMHax IIJIOIUeIO IlOBepxHi 0,5-0,6 CM2 Ta TOBIUMHOIO 2-2,5 MM. 
Po3tIMHM TpaBMJihHMX KOMII03MUii1 roryBaJIM, 3MirnyIO'lM 70%-Hy HN03 
MapKM «oc. '!», 35%-Hy HCl, 100%-Hy auernrny Ta 18%-Hy UMTpaTHy 
KMCJIOTM (Bci MapKM «X'l» ). 
KoHueHTpaui:HHy JaJie)J(HicTh rnBM.UKOCTi TpaBJieHHH BMB'IaJIM Ja Bi.UTBo-
PIOBaHMx ri.upo.UMHaMitIHMX yMoB rrpM 20 °C 3 BMKOpHcTaHHHM .uttcey, rn:o 
o6epTa€ThC51 Ji IllBM.UKicTIO 110 XB-I' 3ri.uHO 3 MeTO.UMKOIO, HaBe.ueHOIO B [ 1]. 
CTaH rroBepxHi rricJIH xiMi'IHoro TpaBJieHHH KOHTPOJIIOBaJIM 3a .uonoMoroIO 
yHiBepCaJihHOro MiKpOCKony 3 UM¢poBOIO Bi.ueoKaMepoIO rrpM 36iJibrneHHi 
Bi.u 25 .uo 1600, a rnopCTKicTb IlOJiipoBaHoi' IlOBepxHi BMMipIOBaJIM Ha rrpo¢i-
JIOMeTpi ,[(EKTAK 3030 AUTO II. 
PE3YJ1bTATM EKCnEPMMEHTY 
TioBepxHi o.uHaKOBMX IllBM.UKOcTett TpaBJieHHH GaSb Ta GaAs B 
po3'IMHax cttcTeM HN03-HC1-H20 (auernrna, uMTparna KMCJIOTa) 6y.uyBaJIM 3a 
pe3yJihTaTaMM eKcrrepMMeHTaJihHMX BMMipIOBaHh 3 BMKOPMCTaHHHM MareMaTWI-
HOro IIJiattyBaHHH eKcrrepttMeHry Ha CMMIIJieKcax (piBHHHHH perpecii' qerneprni' 
crerreHi). 06Jiacri cniBBi.uHOIIIeHb BMXi.uHMX KOMIIOHeHTIB, IUO BMKOpMCTOBYBaJIM-
CH rrpM .UOCJii)J.)J(eHHi xiMi'lHOi' B3a€MO.Ull TpaBMJihHMX KOMII03MUIB 3 GaSb Ta 
GaAs, 306pa)J(eHi Ha pttc. 1. Jl.K BMJ(HO 3 OTpMMaHMX .uiarpaM fi66ca (pttc. 2, 3), 
IllBMJ(KOCri P03'lMHeHH51 ,[(OCJii)J.)J(YBaHMX MarepiaJiiB ,[(OCHraIOTh 90 MKM/XB, a rro-
BepXHi o.uHaKOBMX IllBMJ(KOCTe:H po3tIMHeHHH rro.ui6Hi MDK co6010. 3'HcoBaHo, rn:o 
36iJihllleHH51 BMicTY p03'lMHHMKa B CKJia,[(i TpaBMJihHMKa rrpM3BO.UMTh .uo 3MeH-
rneHH51 IllBMJJ.KOCTi po3tIMHeHHH GaSb Ta GaAs. MiHiMaJihHi 3Ha'IeHHH IllBMJJ.KO-
cre:H p03'IMHeHHH 3Hax0,[(51ThC51 B o6JiaCTi, 36ara'IeHili p03'IMHHMKOM, a MaKCMMa-
JihHi rrpM o6'€MHOMY crriBBin:HorneHHi HN03 : HCl = 1 : 1 Ta MiHiMaJihHOMY sMi-
CTi opraHi'IHOl KMCJIOTM i BO.UM - rro6JIM3Y CTOpOHM AC KOHUeHTpauiliHoro TpM-
KYTHMKa. BMHHTKOM € B3a€MO.UIB GaSb 3 po3tIMHaMM CMCTeMM HN03 - HCl -
aueTaTHa KMCJIOTa, KOJIM CKJia,[(M TpaBMJihHMX KOMII03MUiH 3 MaKCMMaJihHMMM 
Pttc. 1. CrriBBUlHOWeHHH HNOi: HCI: H 20 
(aue1a1tta, u111parna KHcnora) y aepw11ttax 
A, B (B1> B2, Bi) i C rrp11 ,l:locni;:oKeHHi Ja-
Jle)l(HOCTi WBl1,l:lKOCTI TpaBJleHHH, B o6'€MHl1X 
qacTJ<ax, %: A - 10: 90: O; B- 10: 10: 80; 
B1 - 30 : IO : 60; B2 - 50 : 10 : 40; HCI 
Bi - 60 : 10 : 30; C - 90 : 10 : 0 
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P11c. 2. IIonepxHi onHaKon11x WBHJlKOCTeli 
TpanneHHll (MKM/xn) GaSb n po3'lHHax 
c11cTeM HN03-HCl-H20 (a), HN03-
HCl-auernTHa KHCJIOTa (6), HN03-
HCl-UHTpaTHa KHCJIOTa (B): I - o6nacTi 
rronipyBaJibHHX TpaBHJlbHHX KOMIT0311Uili; 
II - cKJian11 po3'lHHin, HKi yrnopIOIOTb 
Jl3epKaJibHY rronepXHIO rricJIH JHHTTH 
yrnopeHHX ITJiiBOK 
lllBI1,Ll;KOCT51MM po3q1rneHH5I 36araqe-
Hi aueTaTHOIO KHCJIOTOIO. 36iJibllleH-
H51 BMicTY HN03, HKa e CHJihHMM 
OKHCHMKOM i rracMBY€ IlOBepXHIO 
GaSb i GaAs rrpo.uyKTaMM OKMC-
a JieHH51 CTM6i10 Ta apceHy, rrpM3BO-
,l(MTb ,l(O 36iJibWeHH5I iHTeHCMBHOC-
Ti yrnopeHH51 IIJiiBOK Ha IlOBepxHi 
3pa3KiB. 
EKcrrepttMeHTaJihHi .uocni;:oKeH-
HH ,[(03BOJIMJIM BCTaHOBMTM, mo )JJI51 
X,llJI ranllicTM6i.uy rrpa~HMH iH-
repec rrpe,UCTaBJIHIOTb p03qMHM 3 
o6'€MHOIO qaCTKOIO CKJI3,Ll.OBMX, %: 
(10-30) HN03 + (0-10) HCl + 
+ (60-80) CH3COOH, rrptt UbOMY 
WBM.l(KiCTb TpaBJieHH51 3HaxO,l(MTbC51 B 
Me)l(ax 3-20 MKM/XB (pMC. 2, 6, 06-
JiaCTb /). ,ll)rn xiMiqHoro rronipYBaHHH 
3pa3KiB GaAs MO)l(Ha BMKopttcToBy-
BaTM p03qMHM 3 o6'€MHOIO qacTKOIO 
CKJI3,Ll.OBMX, %: (20-25) HN03 + 
+(30-50) HCl + (30-45) CH3COOH 
B (pwc. 3, 6, o6nacTh /). B TpaBMJihHMX 
cYMirnax 3 o6'€MHOIO qaCTKOIO CKJia-
,l(OBMX, %: (50-70) HN03 + (0-10) 
HCl + (20-40) auernrnoi a6o UMT-
parnoi KMCJIOTM (pMC. 2, 6, 6, 06-
JiaCTb If) xiMiqHa o6po6Ka rrpM3BO-
,UMTh ,l(O yrnopeHH51 Ha IlOBepXHi 3pa-
3KIB GaSb rracMBYJOqMX IIJiiBOK ci-
poro KOJibOpy, 5IKi JiefKO 3HiMaIOTbC51 
rrpw JattypeHHi 3pa3Ka Ha 2 c y p03-
qwH cKJia.uy 3 q_ HN03 + 7 q_ HCl, 
rrpM UbOMY IlOBepXH51 Ha6ysa€ ,[(3ep-
KaJibHOfO BMrJI51,l(y. 
,[ljrn rronipymqwx po3qwHiB 3 
o6'€MHOIO qacTKOIO CKJI3,Ll.OBMX, %: 
30 HN03 + 30 HCl + 40 CH3COOH 
(po3q1rn J); 30 HN03 + 10 HCl + 
+ 60 CH3COOH(pmqwtt 2); 55 HN03 + 
8 1 + 20 HCl + 25 UMTParno"i KHCJIOTM 
(poJqnH 3) Ta 25 HN03 + 60 HCl + 
+15 UMTParno"i KHCJIOTM (p03qMH 4) 
,l(OCJii;:oKeHi KiHeTttqHi 3aKOHOMipHOC-
P11c. 3. IIoaepXHi oi:i:HaKOBHX WBH)lKOCTeH 
tpaBJJeHHll (MKM/XB) GaAs B p03'll.Hax c11c-
TeM HN03-HCl-H20 (a), HN03-HCl-
aueTarna KHCJIOTa (6), HN03-HCl-umpar-
Ha KHCJIOTa (6) 
Ti npouecy XIM1qttoro TpaB.Jiettm1 
GaSb Ta GaAs, mo .nano MO)KJJHBicTb 
BH3HaqHTH MexaHi3MH JiiMi'ryBaHWI 
rrpouecy po3qnHeHWI. 3ane)K}{ocri 
llIBH)J,KOCri po3q11HeHWI )J,OCJii,u,)KyBa-
HHX ttaniBnpoBi)J,HHKOBHX MaTe-
piaJiiB Bi.n qacTOTH o6epTaHH51 
)J,HCKa ttaBe)J,etti Ha p11c. 4. B11.z:i:-
tto, mo TpaBJiettHH GaSb rrpoxo- A 
)J,HTb 3a KiHeTHqHHM Mexatti3-
MOM, OCKiJibKH Bi,nnoBi,n:Hi np51Mi 
napaJieJihtti oci a6cu11c, a ,n:JIH 
po3q11HeHH5I GaAs xapaKTeptt11i1: 
3MiIIIaHMH MeXaHi3M JiiMiTyBaHH51 
rrpouecy po3q11HeHH5I, OCKiJibKM 
np51Ma 4 yrnopl0€ KYT 3 BicCIO 
a6cu11c Ta Bi.z:i:ciKae Bi.z:i:pi3oK Ha 
oci opmrnaT. 
3 pe3yJibTaTiB )J,OCJii;::oKeHWI Te-
MrreparypHMX 3aJie)l(HOCTei1: llIBH)J,-
KOCTi po3q11tteHH5I B THX )Ke cyMi-
IIIax po3q11ttiB po3paxoBatti 3Ha-
qeHH51 yHBHoi: eHeprii: aKTHBauii: 
(E.), 51Ki CTaHOBJI51Tb Bi)J,noBi)J,HO 
176 (po3q11H !), 3,2 (po3q11H 2), 
73,4 (po3q11H 3) Ta 31,2 K,[()l(/MOJib 
(po3q11H 4). OcKiJibKH rrptt E. < A 
< 40 K,[()l(/MoJib npouec mM1Ty-
€TbCH .z:i:mpy3iHHHMH CTa)J,rnMH, a 
nptt E. > 40 K,[()l(/MoJib - KiHe-
T11qH11MH, MO)l(Ha 3p06HTH BH-
CHOBOK, IUO po3qHHeHH51 aHTH -
MOHi,ny raJiiIO B po3qnHax 1 Ta 3 
xapaKTepH3Y€TbC51 KiHeTHqHHM 
MexaHi3MOM. y BHila)J,KY po3qHHY 
2 MO)l(JIHBa qacTKOBa rraCHBaUi51 
IlOBepxtti npn rri)J,BHIUeHHi TeM-
nepaTypH TpaBHJibHOl KOMI103H-
uil, i caMe UHM MO)l(e 6yTH 3Y-
MOBJieHO HH3bKe 3Haqetttt51 YHB-
ttoY eHeprii: aKTHBauil. ,ll;JIH TpaB-
JieHHH GaAs B po3qHHi 4 xapaK-
TepHHH 3MilllaHHH Mexatti3M 
po3qHHeHH51 npM )J,OMiHyBaHHi A 
.z:i:mpy3ii1:HHX rrpoueciB. 
YHacJii)J,oK rrpoBe)J,eHHH eKcne-
pHMeHTaJibHHX )J,OCJii)J,)l(eHb 3'51co-
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PHc 4 3aJie)!(HJCTb WBH)J:Kocn poJ'IH-
HeHHH GaSb (J, 2, 3) Ta GaAs (4) BU\ 
WBH]].KOCTI o6epTaHHH )lHCKa rrp11 
T = 293 K JI.JUI po3'1HHIB 3 o6'EMHOIO 
qacTKOIO cKJIMOBHX, % I - 30 HN03, 
30 HCI, 40 auernTH01 KHcnoT11, 2 -
30 HN03, 10 HCI, 60 auernTHOJ K11cno-
TH, 3 - 55 HN03, 20 HCI, 25 mupaT-
Ho1 KHCJIOTH, 4 - 25 HN03, 60 HCI, 15 
UHTpaTHOI KHCJIOTH 
Batto, mo npouec X,UIT noBepxtti 3pa3KiB GaAs rn GaSb tteo6xiutto npoBo-
,llJITH npH 293 K Ta lllBM.l(KOCTi o6epTaHHH .l(MCKa 85-110 XB-1, a TIOTiM npo-
MMBaTM lx neKmbKa pa3iB .l(HCTIUibOBaHOIO BO.l(OIO Ta BMCylllyBaTM Ha TIOBITPi. 
B"1CHOBK"1 
,ll.ocniroKetto KiHeTMKY npoueciB po3'IMHeHHH GaSb Ta GaAs B 
TPaBMJihHHX KOMTI03HUUIX cttcTeM HN03-HCI-H20 (auernTHa, UHTpaTHa 
KMCJIOTa). 3'HCOBaHO, mo lllBHJi:KiCTb nonipyBaHHH 3aJie)l(HTb Biu CKJIMY no-
JiipyIO'IMX TpaBMJibHMKiB i MO)l(e 3MiHIOBaTMCH B iHTepBaJii Bin 3 no 
20 MKM/XB. HeBeJIHKi lllBM.li:KOCTi p03'IHHeHHH, iMoBiptto, 3yMOBJieHi qacTKO-
BOIO rraCHBaui€10 TIOBepxHi rrpH yrnopeHHi Ha Hi:H rrponyKTiB xiMi'IHOl B3a€-
MO.l(i"i HaniBnpoBinHMKOBOro MaTepiany 3 TpaBHJibHMKOM. 0rrTHMi3oBaH1 
CKJIMH TpaBIUibHMX cyMillleM: nponoHyE:TbCH 3aCTOCOBysaTM MH x,urr faJilH-
apceHinY Ta rani:HcTtt6iuy. 
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